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Importance of INTERFACES for the Living Systems 
An INTERFACE is a SURFACE forming a 
common boundary between two different 
conjoined phases 
 
The interfaces in living cells (i.e. the 
membranes) are ubiquitous  systems separating 
two solutions having different features.  
 
MEMBRANES are the most important 
BARRIERS of our lives! 
Examples for processes  
that need Interface 
-Osmosis- 
an important physiological process 
that allows exchange of water  
between the cells and its environment 
(occurs across semi-permeable 
membrane) 
ELECTRON TRANSPORT CHAIN-Processes of Electron/Ion  
TRANSFER in the 
Inner Mitochondrial Membrane (major source to ATP production) 
Electron transfer chain-Mitchel  
Nobel Prize in1974 
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Cell Membranes 
are natural Barriers that 
regulate the mass 
transport between the 
cytosol and the 
outside of the cells 
If we take a look into the structure of the 
CELL MEMBRANES, we can see that this interface 
(i.e. the Cell Membrane) has a very complex structure. 
It consists mainly of phospholipid bilayer,  
Proteins, carbohydrates, cholesterol…. 
…mainly, LIPOPHILIC SUBSTANCES dominate in the 
structure of the cell membrane 
Molecules go through membranes mainly 
via: 
•Passive transport 
-Movement across semipermeable 
membrane  
--no additional energy is required  
• Active transport 
-Movement across semipermeable 
membrane in direction OPPOSITE to 
the concentration gradient  
-Additional energy (mainly coming from 
ATP) is required 
• Facilitated transport 
-The transport of a given molecule is 
facilitated by a given ligand by which 
the molecule makes a complex 
- no additional energy is required 
Most of the NEUTRAL Molecules can pass rather easily via the 
 cell membranes 
(either by passive diffusion, or in facilitated manner) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
BUT, WHAT HAPPENS WITH THE TRANSPORT OF IONS ACROSS  
CELL MEMBRANES???? 
Virtually all drug-like molecules are weak acids or bases and 
they mainly exist as ions under physiological conditions. 
Example: Aspirin  
Aspirin 
pKa = 3.5 
The hydrophilicity of a given ions vs. their neutral parental compounds  
increases dramatically! That means-every ion has much bigger affinity 
to dissolve In water compared to its parental neutral predecessor! 
Sodium Na+ ion is strongly hydrated ion in water 
At least three water-molecules shells are formed 
around it!! 
Glucose-is a neutral molecule quite nicely  
soluble in water, BUT 
hydrated with only 2 water-shell molecules 
 
 
Many drugs and physiologically active compounds are 
often rejected to crossing the cell membrane, when 
present in ionized forms!!! 
For some ions, there are specific channels that are crossing bridges between 
Both sides of the cell membranes. 
 
For other ions-membrane potential is a driving force that allows them entering 
or exiting the cytosol 
A main parameter that determines whether a given solute can go across 
an interface separating two solutions is the 
STANDARD GIBBS ENERGY OF TRANSFER-DGo 
 
For a given solute “M”, the standard Gibbs energy of transfer of “M” DGo  from 
a given solvent “W” to conjoined immiscible solvent “O” is defined as a difference 
between solvation energies of compound M in the two solvents, i.e. 
 
DGo M(W      O) = Esolvation(of M in “O”) – Esolvation(of M in “W”) 
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The standard Gibbs energy of transfer of the compound 
„M“ is linked to its standard partition coefficient PM via: 
So, if we can determine the partition coefficient P, we can estimate the 
standard Gibbs energy of transfer  of given compound, and we can 
assess its ability to cross a given interface (membrane) 
 
Because it is quite difficult to perform experiments in real Cell 
membranes, commonly one uses the Interface between two immiscible 
liquid solvents as a good approximation mimicking the biological 
membranes 
Liquid-Liquid 
Interface 
For neutral molecules, we can directly get access to the 
 standard partition coefficient P of given compound  
 by various partitioning techniques  
(chromatography, shake flask, extraction…) 
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Importance of the partition coefficient 
 Measure of the lipophilicity 
of the compounds 
Prediction of the transport  
through membranes 
Toxicity 
QSA-Relationships and 
QSP-Relationships 
Drug design 
  
For IONS, however, the  standard partition coefficient P of given 
ION  CAN NOT be assessed precisely by using the common 
partitioning techniques (shake flask, extraction…) 
 
The reason: NO SINGLE ION CAN SOLELY CROSS THE 
LIQUID-LIQUID INTERFACE. Its partition from one to other  
Solvent is always followed by transfer of a counter ion. 
This is DUE TO THE CHARGE BALANCING requirements in both 
conjoined liquid phases 
Interface 
Solvent O 
Solvent W 
M+ 
M+ 
A- 
A- 
Why do we need the DGo data for IONIC COMPOUNDS? 
 
-Almost 90% of the drugs and medicaments are in IONIZED FORM under 
Physiological conditions!!! 
 
-Data are needed especially in the pharmacy and medicine 
in order to assess the potential of a given drug …and 
 
-In order to DESIGN an efficient drug in pharmacy (by the QSPR and QSAR 
Studies)-in such calculations one always needs data forDGo   
 
…. 
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The first voltammetric technique to achieve this was the:  
FOUR ELECTRODE VOLTAMMETRY at the 
 INTERFACE BETWEEN TWO IMMISCIBLE ELECTROLYTE 
SOLUTIONS(ITIES)  
A1
+ B1
- 
A2
+ B2
- 
So, for the determination of DGo of single ions one requires POTENTIOSTATIC 
 CONTROLLING OF THE INTERFACIAL POTENTIAL ESTABLISHED AT THE  
LIQUID|LIQUID INTERFACE 
In the aqueous phase: 
1 Reference and 1 
Counter electrode 
 
Same Electrodes also 
 in the Organic phase! 
 
In aqueous phase: 
A highly HYDROPHILIC 
Electrolyte (A2
+ B2
- 
= LiCl) 
Is dissolved (0.1 M); 
 
In organic phase: 
A highly LIPOPHILIC 
Electrolyte (A1
+ B1
- =  
TBNTPB- 
Tetrabutylammonium- 
Tetraphenyl borate)  
(0.1 M) is dissolved. Voltammetric cell used in Voltammetry at ITES 
A1
+ B1
- 
A2
+ B2
- 
Strategy: Bringing into contact two Immiscible 
electrolyte solutions 
L-L Interface gets  
polarized from 
outside controlled 
potentiostat 
Cyclic voltammograms recorded with 
4 electrode voltammetry at ITES 
when NO transferable ion is present 
in the system-ideally polarizable Interface 
Cyclic voltammograms recorded with 
4 electrode voltammetry at ITES 
when transferable ions are present 
in the system 
By using a REFERENCE STANDARD ion (i.e. some ion with 
known DGo value, FROM THE MID-PEAK POTENTIAL OF 
PARTICULAR CYCLIC VOLTAMMOGRAMS we can determine the 
DGo of a given compound in its ionic form 
Mid-peak potential = 
median between cathodic Ep
c and 
Anodic Ep
a peak potentials 
Example of 
determining the 
mid-peak  
potential from 
Cyclic voltammogram 
Actually, from the cyclic voltammograms we can determine the values of the 
Standard potential of ion transfer of a given ion Dfoi , that is defined as: 
Dfoi is linked to the standard Gibbs energy of ion transfer DG
o 
i
 with the relation: 
- 
RECENT ACHIEVEMENTS WITH THIS TECHNIQUE: 
 
-determination of DGo values of amino acids in cationic and 
anionic forms; 
 
-determination of DGo values of some pollutants (nitro phenols) 
 
-determination of DGo values of antioxidants (polyphenols) 
 
-determination of DGo values of many medicaments and drugs 
 
-determination of DGo values of neurotransmitters (acetylcholine) 
 
-determination of DGo values of psychotropic drugs! 
 
-Constructing Bio-SENSORS for THESE SUBSTANCES 
 


There are plenty of ionic drugs that are too hydrophilic and their transfer 
from water to organic solvent can not be achieved 
 
Strategy: USE LIGAND (chelator) in organic phase to “assist (facilitate) the ion  
transfer” across Liquid-Liquid Interface  
Voltammograms  
the assisted ion 
transfer of  
Lithium ions 
 
Solvent O + 
Ligand 
(facilitator 
for M+ or A-) 
Solvent 
W 
M+ A- 
Equation for estimating the relevant parameters of ion transfer by the  
So-called “assisted (facilitated) ion transfer” across Liquid-Liquid Interface  
One of the greatest achievements of 4-electrodes voltammetry at ITES is the 
Construction of so-called PARTITION IONIC DIAGRAMS for the compounds 
studied.  
 
The methodology of the ionic partition diagrams consists in determining 
equiconcentration boundaries as a function of the interfacial potential difference 
and the aqueous pH by taking account of the thermodynamic equilibria governing the 
distribution of the various acid:base forms of the molecule involved in the ionic transfer.  
 
The ionic partition diagram defines the domains of predominance of each species either 
in the aqueous or in the organic phase, and it offers a global and direct visualization of all 
the transfer mechanisms.  
Construction of PARTITION DIAGRAMS 
with help of 4-Electrodes Voltammetry at ITES 
Ionic partition diagram of 
Quinidine at 
Water-Dichlorethan 
interface 
Structure of 
Quinidine-antiarrhythmic  
agent 
What information can we get from the partition diagrams? 
 
-we can assess the Gibbs energy of transfer of a given  
ionic compound  in different pH’s 
 
-we can determine the ionization constant in organic phase 
 
-we can use these data for QSPR and QSAR studies 
 
-we can assess the potential efficiency of a given medicament 
 
… 
 
Partition diagram of NICOTINE 
Voltammograms showing 
Transfer of NICOTINE in 
cationic form across the 
Interface of 
 water and dichlorethan- 
pH dependence 
Structure of 
Nicotine 
Acetylcholine 
(Important neurotransmitter)  
phospholipids 
Another achievement of this 
 technique is the possibility 
 to study interactions 
 between 
Important biomolecules and the  
Cell-membrane constituents! 
 
Example: how acetylcholine’s transfer 
Is affected by phospholipids  
Solvent 
O 
Solvent 
W 
Interface 
modified with 
phospholipids 
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With this technique 
we can reveal the 
mechanism of 
transfer of acetylcholine 
Across  
Biological membranes 
Figure. Effect of increasing 
concentration of  
phospholipid at 
LL Interface 
to the recorded 
Voltammograms of 
acetylcholine 
We found that phospholipids facilitate the transfer of acetylcholine  
across biological membranes, and we could determine the 
Kinetic and thermodynamic parameters of those interactions between 
Acetylcholine and the phospholipids  
Gulaboski et al. J. Phys. Chem. B 109, 12549-12559 
Limitations of the 4-Electrodes Voltammetry at ITES 
-narrow potential window 
 
-many ionizable compounds can not be studied with  
this technique 
 
-no all organic solvents can be polarized 
 
-limited access to some alkyl-chain containing solvents 
LL interface water-octanol CAN NOT be Polarized!!! 
(n-octanol is used as reference solvent for 
partitioning experiments!) 
 
-it is quite difficult to tackle with the cell in  
ITES voltammetry measurements 
 
-slow experiments 
 
…solution to overcome these problems? 
 
NEW TECHNIQUE HAS EMERGED called 
THREE-PHASE ELECTRODE 
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(Awarded for „The Best Cited Paper“ in 2003) 
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A. water|Nitrobenzene 
 
B. water|n-octanol 
 
C. water|Nitrophenyl octyl ether 
 
D. water|D- and L-2-octanol 
 
E. water|D- and L-Menthol 
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• I. Inorganic anions 
 
• II. Organic anions-Monoanionic forms of: 
• A. Phenols 
• B. Cyclo-, Mono, Di-, and halogen substituted 
carboxylic acids  
• C. Amino acids 
• D. Peptides 
• E. Medicaments 
A.Transfer of Ions across 
the water|nitrobenzene Interface 
V. Mirceski, R. Gulaboski, F. Scholz;Electrochem. Commun. 4 (2002) 813-818  
 Š. Komorsky-Lovric, K. Riedl, R. Gulaboski, V. Mirceski and  
F. Scholz, Langmuir 18 (2002) 8000-8005,  
 R. Gulaboski, K. Riedl, F. Scholz,Phys. Chem. Chem. Phys. 5 (2003) 1284-1289  
R. Gulaboski, K. Caban, Z. Stojek, F. Scholz;Electrochem. Commun. 6 (2004) 215 
V. Mirceski, R. Gulaboski, F. Scholz,J. Electroanal. Chem. 566 (2004) 351  
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 R. Gulaboski, V. Mirceski, F. Scholz;Amino Acids 24 (2003) 149–154  
R. Gulaboski, F. Scholz, J. Phys, Chem. B 107 (2003) 5650-5657  
Data obtained by this methodology can be used for 
 constructing Distribution Diagrams of many compounds 
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 among the organic solvents used for studying the lipophilicity of 
solutes,  
n-OCTANOL is certainly the most important one 
  
It is an ideal mimic for the biological membranes 
(amphipathic nature similar to those of the lipides in biological 
membranes, long alkyl side chain and OH group)  
No data in the literature about the standard ion potentials 
of transfer across the interface water|n-octanol:  
Reason: non-polarizability of the interface water|n-Octanol  
G. Bouchard, A. Galland, P.-A. Carrupt, R. Gulaboski, V. Mirceski,  
F. Scholz, H. H. Girault, Phys. Chem. Chem. Phys. 5 (2003) 3748-3751  
 R. Gulaboski, V. Mirceski, F. Scholz;Electrochem. Commun. 4 (2002) 277-283  
Structure of n-octanol 
Structure of 
 phospholipids 
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Transfer of anions of medicaments and model compounds across  
w|n-octanol interface 
48 
2-Nitrophenyl octyl ether-used as an  
alternative solvent for n-octanol 
It shares the structures of  
Nitrobenzene and n-octanol 
Quite polar solvent, but hardly miscible with water!!! 
 Nice replacement for n-octanol 
11. R. Gulaboski, A. Galland, G. Bouchard, K. Caban, A. Kretschmer,  
P.-A. Carrupt, Z. Stojek, H. H. Girault, F. Scholz,J. Phys. Chem. B, 108 (2004) 4565  
49 
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Comparison between partition coefficients in w|NB and  
w|NPOE, and w|n-oct and w|NPOE 
 F. Scholz, R. Gulaboski, ChemPhysChem 2005, 6, 16–28 (Review)  
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graphite electrode 
 
 
aqueous electrolyte          (Cat+, chiral-)    chiral
-
(aq) 
 
chiral
-
(org) 
 
 
 
 
 
e- 
3. Quantification of the enantiomeric anion transfer 
energies across water|chiral liquid interface 
 F. Scholz, R. Gulaboski, Faraday Discuss., 2005, 129, 169–177  
 F. Scholz, R. Gulaboski, V. Mirceski, P. Langer;Electrochem. Commun. 4 (2002) 659-662  
 
(Racemic mixtures can be separated)    
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Snapshot from Molecular Dynamic Simulations of L-Tyrosine  
dissolved in L-octanol 
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Snapshot from Molecular Dynamic Simulations of L-Tyrosine  
dissolved in D-octanol 
55 
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 F. Scholz, R. Gulaboski, K. Caban,Electrochem. Commun. 5 (2003) 929 
SW voltammograms showing transfer of some 
monocations 
across the w|nitrobenzene interface 
58 
Working electrode 
dmfc dmfc+ 
organic film 
Aqueous  
electrolyte 
 
-e- 
TButN+TPB-  
 
a) Glucose          Gluconic acid                          
(Enzymatic reaction) 
GlOx 
b) Gluconic acid               Gluconate- + H+ 
Gluconate- 



-0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5
10.0
20.0
30.0
40.0
50.0
60.0
5
4
3
2
1
I / 
A
E / V
30
50
70
90
0 0,2 0,4 0,6 0,8 1 1,2
c (Glucose) / mM
Ip
 / 
A
R. Gulaboski, C. M. Pereira. M. N. D. S. Cordeiro, 
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                                                                      aqueous electrolyte 
solution 
dmfc 
Ag+ 
e- 
Ag-nanoparticles at  
the L|L interface 
dmfc+ 
Gulaboski R, Mirceski V, J Phys Chem B 2005  
e- 
…Many other Applications of Three-Phase Electrode Approach 
(some of them will be mentioned in the talk of Prof. Mirceski) 
Conclusions: 
 Ion transfer processes studied by three-phase electrodes: 
 
  
 -common three-electrode setup 
 -simple, precise and fast determinations of thermodynamic and 
 kinetic parameters 
  -the approach applicable to different organic solvents 
 (octanol(s), menthol, nitrobenzene, dichlorethan, 
 nitrophenyl-octyl ether, ionic liquids,...) 
 -a huge data base of new determined  standard Gibbs energies of 
 transfer of  various ions as well as of ks values 
  -Potential applications as a sensor  
 and by the ion separation processes 
 -MD Simulations needed for molecular understanding  
  
Relevant Literature 
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Energy of making a cavity  
in the solvent  
to accomodate the solute 
Energy of reorganization  
of solvent molecules 
Short-term interactions 
(H-bonds, van der Walls interactions, electrostatic interactions) 
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Major 
weaknesses: 
Neglects the charge 
delocalization effects 
Neglects the energy 
of cavity formation 
64 
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Substituted phenolates 
For anions-presence of the groups with negative inductive effect  
{NO2, X, OH} will produce dispersion of the negative charge  
throughout the structure of dissolved anions 
66 
Ecav. = 4w
o Ai NA 
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Summary: 
 
Ion transfer processes studied by three-phase electrodes: 
 
  
 -common three-electrode setup 
 -simple, precise and fast determinations of 
 thermodynamic and kinetic parameters 
  -the approach applicable to different  
 organic solvents (octanol(s), menthol,  nitrobenzene, dichlorethan, 
nitrophenyl     octyl  ether, …) 
 -a huge data base of new determined  standard Gibbs 
energies of transfer of   various ions as well as of ks values 
  -Potential applications as a sensor  
 and by the ion separation processes 
 -MD Simulations needed for  molecular 
understanding  
 (N. Cordeiro, J. Miguel) 
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Figure: blank voltammograms obtained by four-electrode 
measurements 
Transfer of perchlorate across water/NB interface 
Limitations of the 4-electrode voltammetry at ITIES: 
Narrow potential windows 
Applicable to few organic solvents only,  
mainly to 1,2 dichlorethan and Nitrobenzene 
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Effect of the 
Uncompensated 
Resistance in Thin-Film 
Voltammetry 
Effect of the SW frequency on 
the voltammetric response of 
DMFC  
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SW voltammograms showing transfer of some monocations 
across the w|nitrobenzene interface 
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INITIALLY-NO ELECTROLYTE IN THE ORGANIC PHASE 
How (and where) can the reaction in organic phase start? 
-The natural partition of the electrolyte from aq. phase 
enables enough conductivity at the edges of organic phase 
75 
-Once the reaction in the organic phase starts, then  
significant ammount of ions is being created  
in the organic phase 
The Ionic content in organic solvent 
at potential that is 250 mV more negative  
than the formal potential of the redox system  
(i.e. at E(<0) –Eo = -250 mV): 
 
c(dmfc+X-)o = c(Salt)w*e/2 [-1+(1+(4*c(dmfc)o/e*c(salt)w)0.5] 
 
e= exp(F(E(<0) – Eo)/RT) 
 
c(dmfc+X-)org. phase = 5 mM!!! 
 
(for c(dmfc)o = 0.05 M, and c(salt)w = 0.5 M) 
 
 
 
 
 
 
 
 
 
 
Expanding of the active organic layer 
(through diffusion of the ions) : 
 
L =k (Dt)0.5 
 
 
 
 
  1e(o)A(o)dmfc(w)Admfc(o)
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Comparison between experimentally determined               
and the estimated values by using the 
electrostatic Born theory 
79 
The Ionic content in organic solvent 
at potential that is 250 mV more negative  
than the Standard redox potential  
(i.e. at E(<0) –Eo = -250 mV): 
 
c(dmfc+X-)o = c(Salt)w*e/2 [-1+(1+(4*c(dmfc)o/e*c(salt)w)
0.5] 
 
e= exp(F(E(<0) – Eo)/RT) 
 
c(dmfc+X-)org. phase = 5 mM!!! 
 
(for c(dmfc)o = 0.05 M, and c(salt)w = 0.5 M) 
 
 
Distance that can be reached by diffusion: 
 
L = (Dt)0.5 
 
80 
81 
82 
-5
0
5
10
15
20
25
-1 0 1 2 3
-  Hammett parameter
CH3
H
Cl
2-NO2
2,4-(NO2)2
2,4,6-(NO2)3
83 
-3.80
-3.40
-3.00
-2.60
-2.20
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1: Phenol
2: Benzoic acid 
3: 3-Nitrophenol
4: 2-Nitrophenol
5: Naphtoic acid
6: 4-Bromobenzoic acid
7: Suprofen
8: Indomethacin
9: Naproxen
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